
26 MONTHLY WEATHER REVIEW. JANUARS, 191 5 

In South Dakota 5 of the 23 years have departures of 
like sign; but in this case dso the departures are small, 
and the correlation coefficient is greater t,han in North 
Dakota, being -0.73, with a Iossible error of 0.07. 

tation and yield was previously found to be 0.59, and t ie 
Of t.lie 5 years with de nrtures of 

normaf and 3 with both below. Likewise thcre are 5 
years when precipitation and yielcl fail to show tlieir es- 
pected relation, 1 wet year with D. small yield, and 4 dry 
years with high yields. In this Stmate, also, May and July 
temperatures are ap arent,ly wit.hout significance in this 

undoubtedly the most favorable, but in Soutli Dakota 
the reatest yield was in a cool and dry year. On t.lie 

favorable than waim and wet gems, but the number of 
observations of t,liese conditions is rather limited. Simi- 
lar tables for Minnesot,a gym small coefficients and 
indicated no definite correlation. 

Considering oiily ca1endn.r months, the rainfall of May 
and June and the xneaii tom w'atwe of June nre t.hc 

importance, aff ectiiig the w1ieti.t crop of the Dakotas. 

\ The codcient espressing the re 1 ntion between preci >i- 

Eke sian, 3 are wit;h tcrnper:tture and yield % 0th above 

connection. In bot I! States t,he cool and wet years are 

who k e, the cool and dry years appear somewlint more 

ossible error 0.OG. 

important weather fitctors, m c  I they arc of about equd 
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AN EIGXT-DAY MECHANICALLY RECORDING 

BAINGAGE.' 

By C o a n ~ s s  F. h m m ,  (:%id ilf Euwnii. 

[Dated. Kcnthcr Bureau, :: e?!iinglon, D. C'., J:III. 23. 1916.1 

The tipping-bucket raing:iw permits of a Crrcttt rrfine- 
mc.nt a.nd nccurficg of rc.corJ', :mcl is probal3y the best 
device nrnilnl>le for sccuring riiixifall rccnrrls at  tlie regu- 
lar Weather Burcau st,ations. There is, homcrcr, ti wide- 
spread need for n t,horouahly relia.ble gage of ;Imiple 
capacity, complete in it,seff, involring no t,roublesoiiic 
electrical arran emei1t.s for rcgist,ra.t,ion, and finnlly pro- 
viding a recordS covering n considcrilble period of tinic. 
Early in 1913 t,he aut,hor undert.ook t.o design a wee1d-f 
ga.ge of the float, type to mwt  such roquireniciits; n model 
was constructed, and tiit: ~IICCL'SS of t,hc tcst.s 1ia.s since 
justified t,he urchase of a nunibcr of these gages for usc 

tended use in the st,udies of railifnll in conncction wit>h 
many project,s wherein the wte of r:i.infall is a n  import,ant 
factor. 

Wind shields of the Nip1ic.r tj-lw :ire provic!d, which 
we hope will assist in obt.nining t.hc t,rw cnt.ch cven on 
occasions when t,he wind velocity is cons idinlh  

Desc+Eioir.-The plio t.ograph rcproduccd in figurc 1 
shows the complete gn.ge. The: circu1:;r collector, A ,  is 
exactly 8 inches inside di:iiiwt.ir across it,s sliarpmcd 
(beveled) brass rim, and is aurroundc.cl by the rcc tangdar 
wind shield, B. This shic:M is n~ar ly  31 inches sc uarc a t  
its upper edge and curvw ilownwnrc~ u i i t ~  inwnrd to tlie 
copper cover, 0, to wliicii i t  is screwed. Tho cover is 
about 15 inches square inside and supports t,he S-inch col- 
lector, the two together forniing t,he top. The cover is 
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I See Weather Bureau Iustrurneiit Ilivisbm Circular E, 3d etl., App. ?. Washing- 
ton, 1915. 

ordinrtril hinged to the top plate of the support, E, and 

which is a little over 2 feet high, is made up of two iron 
cmtings; the. upper cnst,ing carries the recordinm sppa- 
ratus snc~ the t.op, and t,lie lower one forms tlie L e  for 
tlie receiver, D. Tho two castings are connectcct at  the 
centcr hy a li-iiich pipe, which also serves to inclose n 
small brass counterweight. The posts of the support, E, 
are four smnll iron pipes, which are screwed into the 
uppcr cnsbiiig :tt it.s corners mid fa.st.cncd to t3ie lower 
cast,ing 11s niewns of sot screws. The lower ends of the 
corner posts form fcrt. for t.hc -age. 

Fi urcs 3 and 3 illust,ratt~ tfic rccorcling a.ppnmtuu in 

float, upon the swfacc- of the1 wat.er in i.he receiver, e. To 
eliniinii. te innc.curacies and iiiicw t aiii tics, thc ihlt is sus- 
pendccl by inemis of a fine flrsiblc! brass chnin, such LS 
jewelers use, eriiianently a t t d i e d  to one cncl of the 

by t,he pull of tho cocnterweight, suspencled from a lengt 
of silk cord, aaso ftwtened t.o and wound up on tho drum, 
H .  Tlie chain a.nd cord run in a sha.llm- screw thread cut 
in the drum, t.he clinin wii;ding up as t h .  cord unwiiids, 
niid rice ~ersa .  The chain c1imin:it~es possiliii t.ics of vari- 
nt.ion of len t.h, such ;is would bc. c.auscd hy rnoisture and 

tmhnicnt t,o t,he druni, ]Iq m:~.kc~s s1ippin.g impossible. 
The cam shaft, I ,  ciirryil;g tdie clruni, ff, turns once for 

each one-half inch of riiiiifall nnd revolves :i cyliitdricd 
ca.111, A', made to turn with the shaft, I ,  but free t,o slide 
endwise a t  the same time. The pen rind pen lever are shown 
at 5' and L, respect,ively. The pen carrier, T, is mounted 
on trlie lon screw, N,  a.nd guided by t,he rod, U. The 

ment is one that affords t,he m:isimuni of clearness of rec- 
ords of escessive rat,cs of prccipitation, and ilt t.hc same 
tinie the minimum of size of rccorcl sheets. Nenrly all 
other automatic onges wit.li rccmls on a large scale rc- 
quire very large seects t.liat, must. clxing~c~ aft.:.r a rela- 
tively niodernte amount of rain !!:is bec-n rccorded t.herc- 
on. In t,liis gnge t,he risc of tho ih hat, in the niiinxicr already 
esplnined rotat.es the cam, Ii, TvLkh in t.urii causes tho 

en to oscillate lat.erally over :XI cst.renia range of one- 
Ealf inch on the record shcct. This txi~~ouiit of motion, 
o-rer and hack, represents one-half inch of rain. The rec- 
ord sheet has one-t.Pnt,li-inch rulings, each subdivision 
represents 0.05 of an inch of rn.infidl niid pcriilits of very 
satisfactory est,inint.cs to hundredths of inches. Tlie ap- 
parent impossibility of any kind of accuniuln tivo error in 
this gage nialres it,s records more reliable than ga.ges of the 
t.ip ing-bucket type. 

&ie ailoption of an oscillat,iiig mot,ion for tlie 
prrniits a large aniount of preci jitat.ion to be recortle in 
a narrow band one-lidf inch wic t e across tlie record sheet. 
The rcmilinder of the sheet is ninrle avn.il:hle for addi- 
tion:ll record siiiiply by causing thc pen carrier t.o move 
laterally by the action of the clock, at  the r2it.e of one-linlf 
inch per revolut.ion of the drum. Thus ench clay's record 
(ono revolution of the drum) occupies only n transverse 
s >ace on tlie record sheet one-1i:df inch wide. Each 

adoptinc. an 8-clay record is tEat four sheet.s will suffice 
for a full record for each and every month. Instsmnients 
using only 7-day or weekly record sheets require fivo 
sheets for a month's record with only little on one of the 
sheets. The record cylinder, F, is G inches in diameter 
outside, and 5& inches in length over all, and it is made to 
revolve on the d e ,  R, by n clock which is entirely 

is l o c k  B in position by a sma.11 bolt. The support, E, 

det,a.i 5 . The regishtion is a record of t.he niot>ion of n 

R druni, H .  N7 P ion the float rises. the chain is wound u 

st.retching s 7 iould a cord be ~iscd, and its periimncnt nt- 

motion of t B e pen is sonicwhat comples, but the srrange- 

Zen 

s tl ect provides x record for eiolit days. The reason for 
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FIG. 3.-ReOOrdhg mechanism of Marvin raingage with the m r d  cylinder removed and showing clock. 
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inclosed and protected from dust and moisture when tlic 
cylinder is in place. 

Opemtion..-The rainfall caught in the S-inch colle.c.t:or 
(A, fig. 1). passes through a funnel and a smid pipe 
as shown in figure 3, to the hott,om of the cyh1ricts.l 
receiver, D, which has l i d  the scct,ionnl nren of t.hc 
receiver, A .  The depth of rainfall is thercforc oidy 
doubled for mensurenient,. Rec.eiser D !ins n ciipncity 
for nearly 10 inches of rainfall, and i i iny  be conveniently 
qu tiedby the aid of the spigot proridod. This lins ;I 
sip f: oiilike estension, inside tho receiver, that perinits 
the surplus mntrr wit,liin t.0 he clrawii o1T to :z czrt.n.in 
zero level, but leaves remuininp not only a. sninll quant,it,y 
of water but especially a surl%ce layer of licx~is~iie that 
is, added to the receiver when tlw insi.ruaientr is insD:i.lld 
for the purpose of preve:iting eviipor:rt,ion. Chmgt:s 
in the level of the wntcr are com~~ilunic:~ted tlirough n 
float and auxiliary meciimisni t.0 tlic recording pen in 
the manner esplunied nl>ora. 

Although the gngr mn.;; 1 lc cont,inucrl in oper?it,ion for 
eight clays witliout rec1iiiri:lg at,t,eiit,ion, yet occiisioiid 
inspections chiring the pcriod will avoirl possilh failure, 

lines; all of w1iic.h totals to 0.14 of an inch of ra.in up to the 
oint where the record line crosses the vertical 9 o’clock 

L e .  Between 9 and 10 o~c~oc.lc the pen macle four corn- 
pleto oscillations with an adllitional inovenient of slightly 
inore t,li:m two divisions (corresponding t.o (3.1 1 inch), 
making .z tots1 of 1.11 inches for the hour. During the 
nest. hour another heavy clownpour occurred, the gage 
rthcordiiig 1 .I3 inches within 32 niinut,ea, aft.cr which 
time until 11 :05 p. z i i .  110 npprccin.hle nrwunt fdl. The 
:;torin tmminntet with :in :idtlit,iund 1~e:kvj- fadl amounting 
to 0.27 of an inch mithin a short pcriod encling a t  11 :lo 
p. in., the rain fi~iilllp crnsiiig n1t.ugetd:e.r st 1’1:6O a. ni. 
(lt.I<)! after recording 0LJ1 of an inch ht.wcc:i 1 2 2 0  and 
16, .*0.0 a. ni. The total itmount of rainfall for thc entire 
Sf[~riii is t.liercfore 2.G5 inches. ‘l’h perforiiinnce of the 
p g c  in rccording 1iglit.er rniw is s h v l i  by the record 
lor t,lw period fronl 4:o-I p. m., A u g i ~ t ~  25,  to s:% a. m., 
Aiipist, 2G. 

1. I:(: cJ1r:wver should hc cnreful to rccortl t!le times of 
hcpiuiiing nnd ending of riiin hp eye obser~-nt~ions, ninking 
n ivrit,teii mcmrsriiniluiii of the actmud t.inic of occurrence 
to bc t.r:iiisfcrrocl to t.!w rccorcl shect u-hm rciiiovd from 

r ,  

as it can not he espect,cd t h t  the instrument will inra- 
riably give sntisfact,ory serricte wit.liouts ntkention. 

Erptir.)ia.tion qf wconl.--Figure 4 sIion-s n record sheet, 
the act,ud size of wi!ich is :bout 20 by Sj iiichc-ts omr all 
when trinirned a t  tlic right,-hunil end r o d y  to be pln.ced 
on the cylinder. The vert,ir.nl gra.rlust.ions on the sheet 
are spaced nciirly 0.13 of nn inc.11 apnrt, nntl r.orrcspoiid t.0 
10 minutes of time; :mcl t,lie diagonal lincs n.rc spaccd 
0.10 of an inch npart and correapontf t.0 0.05 of an inch 
of rainfnll. 

The graduations are of such size a.s t.o pcrmit t h  record 
to be easily read, as will be seen by exnniining the illust.rn- 
tion, figure 3. T&e for csaniple bhe rnii!foll rccnrdcd 
during the night of Angust 2 S ,  1914. It will he not.ir.cr1 
that “rain began” (RB) ata i : 1 S  p. in., hut, from that, 
time until S:47 p. In. very little rain fell, as is eridencotl 
by the line traced hy the pen, wllich is vtry ~irarlg 
pudd to the clingond lines but which s t d  h:is :in 
upward tendency. A trace U), or an amount too sriinll tmo 
measure, is therefore ent,crccl for the hour eridiiig at 
8 p. m. At S:47 p. m., liomercr, the record line innkes R 
decided bend upward, passes across four-fif ths of the 

in which it is moving (amounting to 0.04 of an inch 
d rainfall), m d  thence ac.ross two additional ?iagond 
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3. To avoid needless friction about every second week, 
and oftener in a dirty location, the horizontal bars and 
screws, I ,  U, and N should be rubbed off with an oily 
rag so that there remains a clean but sZigMy oiled surface 
over which the pen carriage slides. The long screw with 
the pin and carrier ctui easily be removed by backin off 

ou hly cleaned by use of kerosene or siiiiilar light oil. 
WEen cleaned these parts should be sup lied with only 

screw, V,  should be set up so that there will be ‘ust a 

pivot bearings in the niountine plate and post shoukl be 
given a ZittZe. clock oil. The cfock being inclosed should 
need but little attention ani1 will be cared for in the 
customary manner. 

the pivot screw, V, and all other parts sliould be t K lor- 

the merest film of fine oil, and when rep P aced the pivot 

trifle of “end shake” to tho screw, N. Occasional \ y the 

4. Under no circumstances will the gage be left out in 
freezing weather, for if ice forms in the receiver or in the 
pipe leadine thereto these parts arc likely to be rendered 
unserviceahqe. 

NEW XETEOROLOGICAL STATIONS IN KOREA. 

RAYMOND S. CURTICE, Vice and Deputy Consul General. 
[ Dsted Seoul, Chosen, Jan. 21, 15415.1 

It is reported that the authorities concerned have 
decided to establish during the fiscal year ending March 
31, 1916, two meteorolo ical stations and 35 meteoro- 
logical offices for takin0 o % servations throughout Chosen. 
The plans of the nuhorities also include an increase 
of 25 offices during each fiscal year for the four years 
thereafter. 


